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[0001] &mw&. mm^<Dm^i&m^x^}m^wi-^^^^mmm\S:iz.m 



[0002] \^m^m^^^^dfmi-(DONyoFFum^^xMm^w^i-^mtiA 
^mm-r^^y^^mmmm^^^x, se^m, ^y^-^mmmm^^ 

^i-^mx^y^>^mmzm^hii^m>zmm^m^fhxv^ mm-xm 
#hb) 0 ^(Dmyzmm^n^-fy^-^mmmm^^^x. mttmm^fcztzmm 

[0003] -^l-c v ^(Ditm^^^x, mMffitte^xmtimmzjfcztzmjzft&mmmv 

tH^m^m<ti:otzz\b^mm^ri^b. Vv4^<^X^^y^y"m^'<D^y^ 
mtJCftkl -Mffl ¥6-303766 £"4&K 
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[0005] z.cD±otemm&m&x, *&wi*. ^m^^ii^mxmnm^^mtz. 

[0006] ±te @ ftzmfc-TztiMz., *mw(D*4v^ymmmmte. on/offim^ 

mm^y^^m j-^x^xmti^mik&^un^^^^b. m^-c^bmrnz 
ti%bbh^m^^bbh^mifcmttfty=i^'7>y-b. —-^commm^mm^ 

. zmz-z>bbh\^. m^>^vbffim^^b<Dmms—v£vm£)m.fr$:iiiJj 

[0007] #3B§J3K:«fc5^ ^mb7t^^/v«tL5m^iS«i-m^tBmBE^^-fe^h 

mfcZM-z-z^bt^ox^ t\i7'ymi£b&mmi±b<Dmtf4^<tezm^My.i$migk 
±$\,^bi)mm&tiz>a ^<vb%, ^y*f->y*mj-&oNbirz,&M$&(Dftmm-%r 

&m%ib-t%^bftX$Z>tz$>. Ititi-mBEb&mmfcbfDmfrXZKtettX, ^y 

^^mico^y^^mi^mxmm-r^zb^x^^o x^x, vt^coxo^. 
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[ooos] * i ©wi^y^w^ortMbfe>f<t7'D-^a-efc 

■rinJKI2lT**>5o 

•So 

[121 13A]I2, #JES!<z>^y^^^;aS^ffiH:igifflL7tt#©*fiJcO— ^J^r<t/n 
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2 mmm<mm 

3 \^<>v*y7$ 
4 

5 KS7])-y77vy7 

6 -^SiSitSif 

20, 20a, 21 W3M 
Trl, Tr2 MOSh7>^^ 
L =i^7W 
C ^^xVif 



Rl, R2 Jg;^ 

[ooio] <mi(Dmm.nm> 

[ooi i] m i (D^^^mMmmn . mMmfeRTfmmmtLtf^h^ny—ximM 

, MOSh7>v^Trl, Tr2^;ft^*L£>KW><Di^./'— KtC— ^/^g^tl^ 

ri, R2£, ^^t^>r^ct(Dmmy—v^ti^mj±^^Ri, R2x&i±. 



[0009] 



1 K^lV< 
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jj£ftZ>RS-7Vy77*y-75t, RS7yy77uyy^5<D±yYWil-Mm°*Ay L }-fZ> 

. ^m^^^L^nsm^t^^ 30m 

V^C. ^-^-fe^hm/EVofltt^^LbHfcttilffiVL^^ ^Sbif ||lI§i2&7J^^</^>c7;5!' 
3£^LT^<7>#S!|fcA;^^^;I:lf;i§£^ 

tlZt, m2(c)<D£?^ RS7Vy7°7vyy*5(D\tij3ft^bm. V^^UK MO 
Sh7lsi/*?Trl&ONb^%bbkfcMOSV7^i/^?Tr2&OFF bir& 0 
[0013] iot, ®2(a)<£>cfc:?^ MOS^7Vv ? ^T^l^^='-i'^L^-m?5fL^•^^£ttii^^ => 

^lCA^$t^5«JEEVL^i£<^^ 0 ft, |H2(a)(C^-rm^fitI0«, ^frL&mtl 

fchnzmtatm^tcb^iz^ m 2(b) t-^ ^^^y^sx^tt^t^iD^Rm. 

At)iffi+lzAt)tSthZ>mj±Vth£<9i&<tj:Z>b, m2(e)(D£y^ it^4^h^b 
[0014] i^i. tti^^-7-OUT{^^n-5m^m/E^^Rl, R2T*^EE$tuTMl!)^'l§^2^ 
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tttfc^4<D#:i£ijteA;«-7-(;i^ 

[0015] ^LT S itK^d^Wt^fB^RS^yy^oy^S^-feyhia^-tClA^* 

OSh^v^Trl^OFFirr St^tUl, MOSh7^v ? ^Tr2^0Ni:i--5o iot 
. 1212(a) 0«t9t-. ^^L£^ft5m^ttIL^/>U a-f/Hj&^MOSh^^^ 
^Tr2^®«t^gfttl,S«t5»-*5. iot, |g|2(b)(D«t9(C, JttSE«40SteA>J«S-7- 

bttTA^Btp^tb^sig-rs^, 02(d) ©j;5tc x ft.<Dmm<D?*v9m%-&ft&& 

[0016] ^Oct9^Sb^0«9ig-t-^^t^oT N m^JS J f-OUT«tt)tik— ^^^SiiCStmff 
T+#{£*#1\, gp^* JttS£«40SteA^48^-t-A^^*t 

[0017] ihMi'OUTizmm^ti^^m^xitmM^x^t^(DW}m^ 

tm<teoX. *g£tRl, R2«^^JEm/Ei:S^mj±Vref<!rCO^M75 5 /J^<^6/c*. 
Mlb*i*g*2A>e>©«JE^(g<^5 0 iot, IH3 (b) Oct 5 t-x l"<A^7*3t>*bm 

s*5A/j^T-{^#^bnsmffivthdsm^^T-ouT^^tL5m^jmffi«r^"t-. 

[0018] ~£D^ MOSH^>'^^Trl^OFFT'fc^^^^MOSh7>v ; ^Tr275^0N-C 
03(a) (DXolZ, ^/lsUzmmmnX\,^j:\i^mX'$>Z>tz1t>, )AM$&4<DR 
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JEVofr^7c(tmi±^T$-fr7cfi£Vcc-Vo(T < !:^o ^LT, b*l3(b)0±?(;:, u^swy 
7^3^^tU^$ix5mBEVih^^/3EVL( = Vcc-VofT)J;'9 1 bi^V^#, J£i&Sg4J;«9.^ 

[0019] ^<7>7c£>, IH3(d)(D c t9^, %tl^6ct^j£^tbfe^/N^^?)^n5/i7{f -^-75^^ 

*3flT -"^A^&ftSfctf), lid3(c)cr>cte){C RS^^T^u^s^ib^a^jm ^ii 

[0020] X, ^ ^>7=Vl7"C^fl;$^f c fe N ttS^^OUTlCjotj-^ttS^midE^ 

(c^</ < e^ 0 ^tlt, w^/^>7^375^m^^sm/±vth^m/±vL(=v 

cc-Voff) J;%4&< &5<K H13(e)<7Xfc9te:, lt^4J:«9D— tt&m Hr&mtlZInZ 
o CKO<t9t-, it^4^^^<f -5§-asn— ^W^:bo7c#^ 03 (d) ^£3^ 
^Sct^^^^Do/^f -^tt|^j$^i: N l£13(c)(£><};5^ RS^y^^n^5 

[0021] iot, K^^l^ioTMOSh7>S/^Trl^ONi:$tv5i:i:t>(CMOSh7^v ; 

/E^T-t-^o ^LT, E13(a)(Oj:e>^-r/V'L{Ci^tL?)m^ILCOti^n{C#oT, H13( 
b)Oi5^, i*^40S^A^^(^A^^ti.5mjEVL^{g;<^ o ^LT. 1E13( 

b)tf>J;?f^ ^C>mi±VL^^^/V-^^3/?)^<^li;J±Vth < i:<9'b{&<^ofc^#, |E]3(e 

[0022] ^^^(CRS^U^^o^^S^^Ofl^-^a— £#9. K7^n(aoT, MOSh 
^Vi/^Trl^0FF^^n^<t<b^(CM0Sh7>'i/^^Tr2^0Ni:$tl, 
?5fEtb?>m}5{tMlL^ll|3(a)(Dj:9^^>-t--5o =*-f ^UzQkn&frf-^/V 

&<#<9, Hl3(b)<7)£5(^ \^^^>7?3fab<D'm,J±Vlh&-g,<teZ>o t<D& s ??t>\ 



\VO 2005/078!) 10 8 PCT/JP2005/000637 

^TTl^ONb^mm^mir^^-^lt^m^^^b^lzit^X^Kir^ 

zb&x$z> 0 wh, nMmz^^xmmtbmizftfrtiz^ry^ywjft&m&m 
mm^mx-r^b^x'o, mMmxitm^m^m^mT^b^x^o 
[oo24] z<D£?tj:^^>j?mM-.mmiz-^^x. ^^LZUti&mifiLA&tkmLxmm 

^A^MOSh^v^Tra^ MOSb^v/^TraOy— ^{CHV-f >&1£%n£tl 

%bb^\z.y~*\z.mmmiLfr^hft?—Y\^mm±ft 

[0025] Z.(Db%. MOSh^^^Trbfife^ttLTWj^-f-^o ^LT, K^^<1jO^MOS 
hy^J^TxKD^f— Uz.5-7Lh]n>Z>W±bW\-- <D®J±^ MOSh^v^TratD 

^v^^Tra, Trb£:gfL*L5„ 
[0026] ^rbT, MOSh7>^^Trb<7)ON^gfet^J:oX'a;i±I^T$^t7c:^:/±^ % MOSh 

®M(3:Jt^L7c{iti:LTmtb?) 0 ro^fc, MOSh^^?Trb<DONjg}n^J: 
o-Cm/3EI^T$tt7cimi±^. ^-r^LcD&mm^ffitLT, MOSh^v^TraCOy 
-^^MOSh7>'v ; ^^TrbOKV-<>'i:^^y--K^m^. itf^40^i|£A;« 

[0027] 3E(-. IH4{C>T--rJ;9{-. ^OMOSh^^^^TraOy— ^tMOSh^^v/^Trb 



Vk'O 2005/078910 9 PCT/JP2005/000637 

StiBRi l ^j^$tb-5^irt-«toT, l lc£-5^m»fcloir§r?jfti-:: 

[0028] ±ot, m^mffi^Vcc^-f Zkkhl^ MOSh^V-^^TrbOONS^TL^RxiL, 
3>T^L^m^MlL{C^LTMOSh7>^^Tra§r»lttbS^j5£fit^A X IL^«CS^# 
, MOShT^^TTa(^y—^kMOShy^^Trb<D^U^>t(D^my—V^. 
Vc<r-RxXAXIL^^>mE^H5o r<£>©ffiVcc-RxX AXIL^, m^fcUlE]S& 
10Ottl^^L-CtH^$^TiS^:RaO-ji!S{-^-x.btbS^#^ tb^4^feA/jC 
TtCte, '©i±VLtb-C, ^RaOmJE|^T{C«t5^^-fe->'h^^.x.btL7cmffVcc- 
Rx x A x IL-Ra x Ioff ( = Vcc-Rx X A X IL-Voff) ip5-7LhthZ> 0 

[0029] <I2©|M1> 

mm^^^. mi<7)*^y^ymmmMkm-(DBftx~&m^zm*RTf^-£ 
[0030] iiiso^-r^^^m^^g^. Eii(D^^^->^mM^(-*3{t?)mEE2i2oo 

So tb^4(Dffi^^/^^^>^ N mi±^20a^^^7ir^h®/£Vx 

off<7){ft/^Vhoff(#J;tJ2\ 30mV)£&9, Itifct^^ffi;'}/^— ®JE$l20 
a7i^^^-fe>yh'tt/±VxofT(7){it^Vloff(^!j^{i\ 20mV) £&5„ ^<D^-7ir^hmj± 

VholT, Vloff<D|MH2Ul^ Vhofl>Vlofrefc5„ 
[0031] ^0«te>(C«^tL7c^^^>^«M^ll(-*5V *1\ =MVV-L£:=i >1^C 
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[0032] *|lffi^t8©^y^^^tt^ffi#<flJ©fS.-5-©»BISrBI6K:^-t-. Igico^ 
16JK«^IrI«» 116(a) CO J:9{^, MOShTV^^TrlA^^LJcWiSeASjetLii 

7^3i9tt«S4<^^teA^^^^A^$tbSmjEVth«tt)<£<*S^, (e)<D 

[0033] -£oX* ®J±M20a£^<D;^:7i?-/Kg;EEVxoff^^^ 

Dj&xbSfc*, Jttftl^©SteA^«g^-tcA^$tL5«JEEVL<D«JE^s x H6(b) 
Oct^t-s Vhoff-Vloff^-fctt^^o X, IE|6(c) Ul, RS^y^ny^sa^ 
(Dim^tfv—bteV. F74s<i\zJ:<3XMOSh7i&xttTl»OFFb£*iZ>bbi>\z. 

[0034] -£(E>3L r<z>«J£VL*s % |H6(b)C0«t9{-, l^/VS^*3J:t)Jfctfc8&4<E>#jxteA 
;fc»^teA^£;lx5ttffiVthJ:«!>ilKfc5^ ®6(e)a>«t9t^ JtUsSS4d^a— 
ft-H-j&SfcHAStLS. iot, «EEi!K20ad>e)0^-7-feyhSJEVxofR6S«IE1iiVhofl»* 

mffifli^. H6(b)C0i9{d, Vhoff-Vloff#7WiS5<#3o ^<Z><J:5t^ mi±M20aC0 

So 

[0035] ^^»^^*5V^. ^(D«t5(3iaA#^^n7t^#, %\(0%mft>Wkb 
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[oo36] mmiz., iii^m^o\jTizmm^^^^M^nx\t^nxh^>t^(Dmi^ 
^(omm-^^xi^mi(Dmmmm^n^mm^0mi-^(Dt-r^ o 

[0037] El7(e) <D£?lZit®.m4(Ditit)l)^'<XlbZ>b%, MOSh 

mMmi£Vcc;6><b;^ir:yh®JlVhoff#^ - 
Vhoff)£<9tif6V\ 

[0038] *:<Dtz£>. [217 (d) (D£?\Z, ^m^6^mntbm^^ht£Z>?riy?{n ^frliijj 
ZtlXh, m 7(e) (D£? lt&m4frbRSZ7VvZ?7vv7'5<D})'tyh%bl : -{^'fb 

^3^m#£*b5mffiVth^mEEVL ( = Vcc-Vhoff) i^lS^-So 
[0039] C<Z>££\ IH7(e)<Dj;5^ it^4<t«9D-i:^^f ^tB^ttSo <fcoT, mff 
M20a^^<D^-t^/hmBEVxoflFCO{i:^Vloff^^«9. IH7(b)0>«fc?fc:, it^4(DS 

J£I^T£^fcftVcc-Vlofr£#5 0 ^(^iptc, l£i!&^475>btf>ji-^n— ictyVfafr 
ofcm^, IH7(d)(D«te>{^ %^6J:^N-r^?)^D^fl'^tH^I$n6i, H17( 
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[0040] «toT, 687(a) ©J^lH, a^Sl'UZ'QM&Wttltelb&IZ.lb* ZtO^/^UzM^b 

mEEI^Tl-6o ^LT, HI 7(b) tfXfc?^ ;L©flraVL#u^/i'$'7*3a»e><Z>fSJEV 
thJ:?)'b<S<^o7ci:#, lH7(e)oj:9{c, itm%s4frb<Dm ^-tfs^^m<9frt>Z>titb 

^A^J$ix51;/±VL^Vhoflr-Vloir5>7c:{tig:<^-5o 
[0041] ~(D£o\Z.RS7VyZf7uy-7SfrL>(Dm ^fru—ttettV). ^4 "A-L^tLSItfift 
jittlL^|2]7(a)Oj;9(^>-r§fc^ % 07(b) <D£?^ m/£VL^i«X#«9Vcc-Vh 

[0042] ^(D£oteX^y^ymMmWlZ.te\,^X, mi<DnMftm^tetfZ>m4b\5im?>m 
[0043] ^M^flt^*!^^ «T^}££tRbte, )&&^4(0\ti^^bttb%(DmK 

mjjKfotx^fD&mfcfcm&TibtiZo <to-c, ^opr^ig^tRbomffii^T^ 

^mRbtcii^sfetfg^^tb^^Kf^trovN-cfi, mi(Dmmmmbmmb 
kz>(dx\ ^mzwimm^^^x^ Wii<Dmmmm£0mi-z>i>(Db^xmm-t 

[0044] *MMMM<D£o^ s ^4;^L(Dm&mffi&^1rmf±m~ttLX-5-z_Z>si-7-tyb 

m,j£i^ tm&4<Dih£){zft^xmfe^xt^v^*&^z-z>z.b\z£^x. &i<d 
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[0045] <m3<ommmm> 

^mm(D^3(D'mmmm\z^^x, mm&mm^xnw't-Zo mm. *nmmn 
sort %mhi*y*irzf p v?mx&z> 0 mwx^y^ymM 
mmz&^x. mi<D*>(^>yfmmmtm-<DB(fyX'fcmttm*RxfiUft 
{cov>t«. m-<Dn^-zwLxzmrfflmmiz^m-tz> 0 

[oo46] m9<D^y^>yw.mmmte. mi(o^y^->^mmmmtm^'o, smj&szy) 

<dxu— ^mmmm^\zjt^xm&m^mt^m&m2i^mm<D^y\ti 
i&^tmj±M20<Dmzmx.z> o ^<otz.^, ^^^ti^>m,mmL^mmmvuz 
^te^nxfrm^cDRmxtiiffi+izAtiztizm. j-7-t^hm.i±vof[Rx$*u— 

mHievL^^so^T'. m<Dmft^\,^xtemi<Dnffiwmtmmx&z> 0 io 

[0047] z\(D£?\zmj&£fotz.^y^ymMmmzio\<^x, *i\ ^-ivvL^^vij-c 
slope \z£ox^tirz>z\b£mte. mi<D'Mmmm<o^y^>^mMmmmi) t 

m«J^iLJ;9#btL7cmMJ;«9^$n5^<!rT% HI 10(b) <n&?t£<m±NLftitm. 

[0048] rott, mm^s6x<o, mioi^tDXoizmmthmzy^t^^^y^m-^ijijj 

tl% 0 iot, mBEM21*^^D-7 c Mfi:'iS/±Vslope^. miCKf)^?^ j£ji# t 



WO 2005/078910 



14 



PCT/JP20O5/O0O637 



, m:'hmxfr>Z>0bteZ> o ffi, EllO(c), (0<D£?lZ s Xv-y ffimm&V slope frmX 

(513: H£ J&'TTmt-ifiV MjfiT'^^i-^o 
[0049] m\0{i)<DX.0\Z, mf±M21frb<D*v-^ffimmj±Vs\opetfmkiT5>tzt&, mi 

VSmaxfiibOlzmtl-ZtDb , «ffiVL^HI 1 0 (b) <D£? ^mJMrvSmax#fctti«< 
[0050] li^fC, m^^^OUTt^^ttSA^^te^^^^^^^-efc^^^^tt]^ 

mm±vs\ove\z^xmt-tz>z.tsxm-z. mifDmMmm&^yj-^ymmmwL 
mi)tmm<Dmttn?o sp*>, mn(o<D^^mt-r^ms.U2i^h(D^ti— 

L^it^4<DK^A^^^A^J$tv§ 0 X. HIll(f)^i-mBEM2l7b^(D^ 

[0051] iot, mi^HM^S^Pil. Elll (e)Oj:9{-Jt^4<7){U^^^-T:^i:t, 
M0Sh7>^^Trl^0FF^fe^i^(^M0Sh7Vv ? ^Tr2^0N-efc?), Hill 
(a)(DXo^^/^Uzm^^tl^\ ctoT, IEIll(b)<0«i;9{-, lt^4^fe 

Ajjffii^-i§-7Lhtiz>m&vM. mj±m20fab<D*7±yhmi±voffftt'mj±.W2 

lA^^HJl 1 (i)(D ^°Mitffl;EEVslope^^^mMm/±Vcc7ii^mi±I^T 
£^fdfiVcc-VofT-Vslope<*V££ 0 CKDirt, HIl 1 (b) c^Jl'M^ ^-<^v-7^3*^tU 
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Jj£tlZ>m.&. Vlh VL ( = Vcc-VolT-Vslope) «fc % i^i V \, 

[0052] ^(Dtz.ib, m\\(d)<D£.o\^ ^m^x.wmthmz.^tt^uy^\BW i M 

*2>m^Ajj£ftZ>tzib, mil (c) (DXo (C. RS^lJ^^n.yys^ib^iiJ^fS-^ 
teP-£>££-C&5 0 ^LT, UU^^-T-OUmjo{t5J±J^mi£^fa<^ l 9, lail (b) 

[0053] ^LT, mil(c)<D£?iZ.&M!&5frb?vv?tfltifi£th%W.mz. Hill (f) 
icm/I^lT^cD^n-^ffi^mHVslope^ 

% Vcc-Voff-VSmax*^Vcc-Vom-^{iLL.Ti^<^§<!:^. mJEVth^mfiElilVcc- 
VoffJ:«9'big;<^ 0 

[0054] Z<Dt$. Mil (e)(D ±5 IE, Jt^^i^n— bttZm^&mtlZtlZo ^LT, *d 
— 7"Mi»mHVslope^>ft^fi^SmaxA^ft/J^0t^^5:Lfcil:^{c:, EI7 (d) <D 
IE, ^M^6J;«9^^^^^ci^f ^-&mtl£tlZ)o ^(Dtitb^ RS-7Vyyy^yy5 

A^t, Hill (c) <D£?IZ^ RSZ7VyZf7X2yzf5frh(Om^ft/^\Z-ty } 0fi^Z> o X 
, ^n-^Mitm/iVslope^ft^itO^ofc^, [El 11 (f)^5(-. SW<ZMiIriS 
#*{CiiK#5„ ^(Dtzbb^ mil (b)(D£ylZ^ *v—7'ffimm,1EVslope<DmiJMZjfc 

[0055] RS^.y^n^'S^bfTMf tt£Z>ti£> , Hill (a)<D£?(;i % =^ 

m^4(D^mA^mi--izA^ti^mmvL^m,^r-r^o ^t-c, urn 

5$^ it%i%s4frb(Dm j %-h^^[^m v )friottib, urn (c)Oct9t-, Rs^y^^D 

[0056] w(DJ:9 {^RS^y ^^ay ^5/6^^1 tt£Z>1Z.#> , =4 JVL&mft&KM 
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^v^c^3tem$tbTaj^^T-ouT^^^m^mBE^j^<^i9 x m 1 1 (b) <oxo 

[0058] rOiSfcfllJfcSna^ 5t^^l2{^m^m^^PP*D^tL5ttt^, ^yf> 

ixSSJfnslopetCiSjS^Ra^mEEI^TSRa xlslopetCiO, S«EaS21^J:S«JBE 

5Jg#tRatf>®JEE|$TftRa X IoflK£«9, SJfta^20^J:S«JEVoflR6S^fiSt$tb5o 
[0059] IP^. ✓N^^5^oy^{g#*SMOSh7^^^Trz©y-^ht5:A^I$tt2»i:, MO 

coy— ^mJEE^<^o-C, MOSh^v^^Trx, TryCO^r— hftJEa s {£<&5o £0 
T, MOSh^^^^TrxfC^SftMlslope^^L, MOSb^v^Trx^ 
HSm^Islopetc:J;^®^Ra{Cjo(t-5ffiiII^TftVslope(=RaXIslope)^/h$<^ 

[0060] ^O^, 36ttE»6*»fe©iS -g-j&Sn— tttZb, MOSh^V^^Trz^OFF^r^Tc 

t, MOSh^Vv^Trx, TryG>y— H^EE/5*#* lCffi<£&. iot, MOSh^V 
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i^Islope{Ci:^^Ra{c:jo(^'l;ffil^TS:Vslope( = RaXIslope)7)^#<^So 
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since the output voltage appearing at the output terminal OUT increases, and thus an 
error between the divided voltage obtained by the resistances Rl and R2 and the 
reference voltage Vref becomes smaller, the voltage from the differential amplifier 2 
decreases. This makes high the voltage value of the voltage Vth outputted from the 
level shifter 3, as shown in Fig. 3(b). As described above, the voltage Vth fed from 
the level shifter 3 to the non-inverting input terminal of the comparator 4 indicates the 
output voltage appearing at the output terminal OUT. 

[001 8] At this time, since the MOS transistor Trl is turned off and the MOS transistor 

Tr2 is turned on, and no current flows through the coil L, as shown in Fig. 3(a), the 
voltage VL fed to the inverting input terminal of the comparator 4 becomes a value 
given by Vcc - Voff, the value obtained by dropping a supply voltage Vcc by the 
offset voltage Voff fed from the voltage source 20. As shown in Fig. 3(b), when the 
voltage Vth outputted from the level shifter 3 is higher than the voltage VL (= Vcc - 
Voff), a high-level signal is outputted from the comparator 4. 

[0019] Thus, as shown in Fig. 3(d), even when a high-level clock signal is outputted 

from the oscillator 6 at intervals of a time period tb, the RS flip-flop 5 continues to 
output a low-level signal, as shown in Fig. 3(c), because a high-level signal is inputted 
from the comparator 4 to the reset terminal of the RS flip-flop 5, as shown in Fig. 3(e). 
Thus, the driver 1 keeps the MOS transistor Trl off and the MOS transistor Tr2 on. 

[0020] At this time, since the capacitor C is discharged, the output voltage of the 

output terminal OUT decreases. As a result, as shown in Fig. 3(b), the voltage value 
of the voltage Vth outputted from the level shifter 3 gradually decreases. When the 
voltage Vth outputted from the level shifter 3 becomes lower than the voltage VL (= 
Vcc - Voff), a low-level signal is outputted from the comparator 4, as shown in Fig. 
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3(e). As described above, when a high-level clock signal is outputted from the 
oscillator 6, as shown in Fig. 3(d), after the signal from the comparator 4 is switched 
to low level, the signal from the RS flip-flop 5 is switched to high level, as shown in 
Fig. 3(c). 

[0021] Thus, the driver. 1 turns the MOS transistor Trl on and the MOS transistor Tr2 

off, whereby a current begins to flow through the coil L, as shown in Fig. 3(a). As a 
result, the voltage VL inputted to the inverting input terminal of the comparator 4 is 
dropped by the current IL flowing through the coil L. As the current IL flowing 
through the coil L increases, as shown in Fig. 3(a), the voltage VL inputted to the 
inverting input terminal of the comparator 4 decreases, as shown in Fig. 3(b). When 
the voltage VL becomes lower than the voltage Vth from the level shifter 3, as shown 
in Fig. 3(b), the signal from the comparator 4 is switched to high level, as shown in 
Fig. 3(e). As a result, the signal from the RS flip-flop 5 turns to low level, as shown 
in Fig. 3(c). 

[0022] As described above, the signal from the RS flip-flop 5 turns to low level, the 

driver 1 turns the MOS transistor Trl off and the MOS transistor Tr2 on, and the 
current value IL flowing through the coil L decreases, as shown in Fig. 3(a). At this 
time, the energy stored in the coil L is released, whereby the capacitor C is charged, 
and thus the output voltage from the output terminal OUT increases. As a result, as 
shown in Fig. 3(b), the voltage Vth from the level shifter 3 increases. After that, the 
capacitor C is discharged again, whereby the output voltage from the output terminal 
OUT decreases. In this way, the aforementioned operation is repeated. 

[0023] By repeating the operation described above, it is possible to mask the clock 

signal from the oscillator 6 by feeding a high-level signal to the reset terminal of the 
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appears as a value proportional to the current value proportional to the current flowing 
through the MOS transistor Trl, that is, a value proportional to the current value 
flowing through the coil L. As described above, the voltage drop across the ON 
resistance of the MOS transistor Trb appears, as a detected current value of the coil L, 
at a node at which the source of the MOS transistor Tra and the drain of the MOS 
transistor Trb are connected together, and is then fed to the inverting input terminal of 
the comparator 4. 

[0027] Furthermore, as shown in Fig. 4, a resistance Ra is connected, at one end 

thereof, to the inverting input terminal of the comparator 4 and, at the other end 
thereof, to a node at which the source of the MOS transistor Tra and the drain of the 
MOS transistor Trb are connected together, and a constant-current power supply 1 1 
that feeds a constant current is connected to the inverting input terminal of the 
comparator 4. The other end of the constant-current power supply 11 is grounded. 
In this way, by connecting the resistance Ra and the constant-current power supply 1 1 
together, a voltage drop Ra x Ioff across the resistance Ra caused by the passage of a 
constant current Ioff fed from the constant-current power supply 11 through the 
resistance Ra is added as an offset voltage Voff. That is, the resistance Ra and the 
constant-current power supply 1.1 function as a voltage source 20. 

[0028] Here, assume that the supply voltage is Vcc, the ON resistance of the MOS 

transistor Trb is Rx, and the current value flowing through the MOS transistor Tra 
relative to the current value IL of the coil Lis Ax IL. Then, a voltage given by Vcc 
- Rx x A * IL appears at a node at which the source of the MOS transistor Tra and the 
drain of the MOS transistor Trb are connected together. When the voltage given by 
Vcc - Rx x A x IL is outputted as an output of the current detection circuit 1 0 and is 



Vhoff - Vloff, as shown in Fig. 6(b). On the other hand, as shown in Fig. 6(c), the 
signal from the RS flip-flop 5 turns to low level, whereby the driver 1 turns the MOS 
transistor Trl off and the MOS transistor Tr2 on. As a result, the current value IL 
flowing through the coil L decreases, as shown in Fig. 6(a), and the voltage VL 
inputted to the inverting input terminal of the comparator 4 increases, as shown in Fig. 
6(b). 

[0034] After that, when the voltage VL becomes higher than the voltage Vth inputted 

from the level shifter 3 to the non-inverting input terminal of the comparator 4, as 
shown in Fig. 6(b), a low-level signal is outputted from the comparator 4, as shown in 
Fig. 6(e). As a result, the offset voltage Vxoff from the voltage source 20a is 
switched from a voltage value Vhoff to a voltage value Vloff, whereby the voltage 
value of the voltage VL inputted to the inverting input terminal of the comparator 4 
increases by Vhoff - Vloff, as shown in Fig. 6(b). In this way, a switching operation 
of the offset voltage Vxoff of the voltage source 20a is performed each time the signal 
from the comparator 4 is switched. 

[0035] As is the case of the first embodiment, also in this embodiment, when a heavy 

load is connected as described above, the voltage obtained by detecting the current IL 
flowing through the coil L is sufficiently higher than the offset voltage Vxoff from the 
voltage source 20a. That is, the voltage values Vhoff and Vloff added as an offset 
voltage Vxoff each fall within the voltage range in which the influence thereof on the 
voltage VL inputted to the inverting input terminal of the comparator 4 is so small that 
it can be ignored. 

[0036] Similarly, the operation performed when no load or a light load is connected to 

the output terminal OUT will be described with reference to Fig. 7. Also in this case, 
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[0042] When a current detection circuit 10 having the same configuration as that 

shown in Fig. 4 of the first embodiment is incorporated in the switching power supply 
apparatus described above, the relation of connection between the current detection 
circuit 10 and the comparator 4 is shown in Fig. 8. In this case, as shown in Fig. 8, a 
resistance Ra used for adding an offset voltage Voff is replaced with a variable 
resistance Rb that can switch a resistance value depending on the output of the 
comparator 4. That is, the variable resistance Rb and the constant-current power 
supply 1 1 constitute a voltage source 20a. Other circuit blocks are the same as those 
in Fig. 4. 

[0043] With this configuration, the resistance value of the variable resistance Rb is 

switched depending on the output of the comparator 4 in such a way that the resistance 
value obtained when the output of the comparator 4 turns to high level becomes 
greater than the resistance value obtained when the output of the comparator 4 turns to 
low level. As a result, the offset voltage Vxoff appearing due to the voltage drop 
across the variable resistance Rb is switched depending on the output of the 
comparator 4. The operations other than the resistance value switching operation 
performed by the variable resistance Rb are the same as in the first embodiment, and 
therefore no detailed description thereof will be repeated. For these operations, 
reference should be made to the descriptions of the first embodiment. 

[0044] As described in this embodiment, by giving hysteresis to an offset voltage to 

be added to a voltage value indicating a detected current of the coil L by switching the 
offset voltage depending on the output of the comparator 4, it is possible to make the 
comparator 4 output a clock signal more reliably than the first embodiment. This 
helps prevent malfunctioning of the RS flip-flop 5. 
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Fig. 11(a). As a result, as shown in Fig. 11(b), the voltage VL fed to the inverting 
input terminal of the comparator 4 becomes a value given by Vcc - Voff - Vslope, the 
value obtained by dropping the supply voltage Vcc by the offset voltage Voff from the 
voltage source 20 and the slope compensation voltage Vslope from the voltage source 
21, the slope compensation voltage Vslope shown in Fig. 11(f). At this time, as 
shown in Fig. 1 1 (b), the voltage Vth outputted from the level shifter 3 is higher than 
the voltage VL (= Vcc - Voff - Vslope). 

[0052] Thus, as shown in Fig. 1 1(d), even when a high-level clock signal is outputted 

from the oscillator 6 at intervals of a time period tb, the RS flip-flop 5 continues to 
output a low-level signal, as shown in Fig. 11(c), because a high-level signal is 
inputted from the comparator 4 to the reset terminal of the RS flip-flop 5, as shown in 
Fig. 1 1(e). Meanwhile, the output voltage of the output terminal OUT decreases, and 
the voltage value of the voltage Vth outputted from the level shifter 3 gradually 
decreases, as shown in Fig. 1 1 (b). 

[0053] When the slope compensation voltage Vslope from the voltage source 21 

decreases from a maximum value VSmax to a minimum value of zero, as shown in 
Fig. 1 1(f), immediately before a clock is outputted from the oscillator 6, as shown in 
Fig. 11(c), the voltage Vth outputted from the level shifter 3 becomes lower than the 
voltage VL, as shown in Fig. 1 1(b). That is, when the value of the voltage VL fed to 
the inverting input terminal of the comparator 4 increases by changing from Vcc - 
Voff - VSmax to Vcc - Voff, as shown in Fig. 1 1(b), the voltage Vth becomes lower 
than the voltage value given by Vcc - Voff. 

[0054] At this time, as shown in Fig. 1 1(e), a low-level signal is outputted from the 

comparator 4, and, immediately after the slope compensation voltage Vslope 
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decreases from a maximum value VSmax to a minimum value of zero, a high-level 
clock signal is outputted from the oscillator 6, as shown in Fig. 1 1(d). Thus, a high- 
level signal is inputted to the set terminal of the RS flip-flop 5 after a low-level signal 
is inputted to the reset terminal thereof, whereby the signal from the RS flip-flop 5 is 
switched to high level, as shown in Fig. 11(c). On the other hand, after the slope 
compensation voltage Vslope reaches to a minimum value of zero, it gradually 
increases again, as shown in Fig. 11(f). Thus, as shown in Fig. 11(b), as the slope 
compensation voltage Vslope increases, the voltage VL fed to the inverting input 
terminal of the comparator 4 decreases. 

[0055] At this time, since the signal from the RS flip-flop 5 turns to high level, a 

current begins to flow through the coil L, as shown in Fig. 1 1(a), and the voltage VL 
inputted to the inverting input terminal of the comparator 4 drops by the current IL 
flowing through the coil L, as shown in Fig. 11(b). When the voltage VL becomes 
lower than the voltage Vth from the level shifter 3, as shown in Fig. 1 1(b), the signal 
from the comparator 4 is switched to high level, as shown in Fig. 1 1(e). As a result, 
the signal from the RS flip-flop 5 turns to low level, as shown in Fig. 1 1 (c). 

[0056] As described above, since the signal from the RS flip-flop 5 turns to low level, 

the current value IL flowing through the coil L decreases, as shown in Fig. 1 1(a). As 
a result, the voltage VL increases and becomes Vcc - Voff - Vslope, as shown in Fig. 
1 1(b). At this time, the energy stored in the coil L is released, whereby the capacitor 
C is charged, and thus the output voltage from the output terminal OUT increases, and 
the voltage Vth from the level shifter 3 increases, as shown in Fig. 1 1(b). After that, 
the capacitor C is discharged again, whereby the output voltage from the output 
terminal OUT decreases. In this way, the aforementioned operation is repeated. 
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[0057] When a current detection circuit 10 having the same configuration as that 

shown in Fig. 4 of the first embodiment is incorporated in the switching power supply 
apparatus described above, the_ relation of connection between the current detection 
circuit 10 and the comparator 4 is shown in Fig. 12. In this case, as shown in Fig. 12, 
the current source 21 is built with an n-channel MOS transistor Trx that is connected, 
at the drain thereof, to a node at which the resistance Ra and the constant-current 
power supply 1 1 are connected together, a MOS transistor Try that is connected, at the 
gate and the drain thereof, to the gate of the MOS transistor Trx, a MOS transistor Trz 
that is connected, at the drain thereof, to the source of the MOS transistor Try, a 
resistance Rc that is connected to the source of the MOS transistor Trx, a capacitor CI 
that is connected to the source of the MOS transistor Try, and a constant-current 
power supply 12 that is connected to the drain of the MOS transistor Try. Other 
circuit blocks are the same as those in Fig. 4: 

[0058] With this configuration, a supply potential is applied to the constant-current 

power supply 12, the other ends of the capacitor CI and the resistance Rc are 
respectively grounded, and a clock signal from the oscillator 6 is inputted to the gate 
of the MOS transistor Trz. At this time, the voltage Vslope generated by the current 
source 21 is obtained from the voltage drop given by Ra x Islope, the voltage drop 
across the resistance Ra caused by the passage of a current Islope through the MOS 
transistor Trx. On the other hand, as is the case with the first embodiment, the 
voltage Voff generated by the current source 20 is obtained from the voltage drop 
given by Ra x Ioff, the voltage drop across the resistance Ra caused by the passage of 
a current Ioff through the constant-current power supply 1 1 . 

[0059] That is, when a high-level clock signal is inputted to the gate of the MOS 



